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EXECUTIVE  SUMMARY 


This  report  develops  economic  Investment  criteria  for 
frangible  approach  light  structures  Installed  as  part  of 
the  Approach  Lighting  System  Improvement  Program  (ALSIP) . 

Criteria  are  empirically  derived  from  a benefit -versus -cost 
<B/C)  evalxiatlon  of  each  of  three  ALSIP  subprogram  elements 

Convert  existing  ALSF-2  (and  ALSF-l's  designated  for 
ALSF-2  conversion)  to  low-impact  resistant  svitchable 
ALSF-2 . 


Convert  ALSF-1  (not  designated  for  ALSF-2  conversion) 
to  low-impact  resistant  MALSR. 

Convert  rigid  MALSR  to  low-impact  resistant  MALSR. 

Benefits  considered  are  enhanced  safety  due  to  frangibility 
of  new  light  support  structures,  reduction  in  maintenance 
requirements , and  savings  due  to  energy  conservation  where  f 
appropriate . 

All  rigid  approach  lighting  systems  are  to  be  ranked  for 
system  implementation  according  to  bepefit/cost  ratio  by 
using  the  appropriate  formula,  below. 

For  rigid  ALSF-2  retrofit  to  swltchable  low-impact  ALSF-2: 


Annual 
Air  Carrier 
Operations  on 

Candidate  Bumray  x 14.59  -f  52 
Washington  -f  Region  Cost 


B/C  Ratio  Value 


For  rigid  ALSF-1  retrofit  to  low-impact  MALSR 


Annual 
Air  Carrier 
Operations  on 

Candidate  Runway  x 14.59  + 132,900 
Washington  -f  Region  Cost 


B/C  Ratio  Value 


For  rigid  HALSR  retrofit  to  low- Impact  MALSR: 


Annual 
Air  Carrier 
Operations  on 
Candidate  Bunway  « 14.59 
WasKington  + Region  Cost 


- B/C  Ratio  Value 


Benefit/cost  criteria  will  be  used  to  determine  the  priority 
of  specific  locations  for  retrofit  of  frangible  approach 
lighting  towers,  subject  to  hardware  and  personnel  constraints. 
Implementation  of  the  program  will  continue  within  approved 
funding  levels  In  accordance  with  the  application  of  the  cri- 
teria. When  completed,  all  397  rigid  light  towers  will  be 
retrofitted  at  a cost  of  $77.7  million. 
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INTRODUCTION  AND  PURPOSE 


The  purpose  of  this  study  is  to  provide  F&E  invest- 
ment criteria  for  the  Approach  Lighting  System  Improvement 
Program  (ALSIP) , previously  known  as  the  Low-Impact  Resist- 
ant (LIR)  Retrofit  Program.  Criteria  are  developed  from  a 
survey  of  the  costs  of  providing  the  improved  light  system, 
a detailed  analysis  of  aircraft  accidents  involving  non- 
franglble  approach  light  structures,  and  examination  of  main- 
tenance requirement  reductions  and  energy  savings.  The 
investment  standards,  which  are  empirically  derived  from  a 
beneflt-versus-cost  analysis,  will  determine  the  priority  of 
all  locations  for  retrofit  of  frangible  approach  light  towers. 

FAA  Order  6850.9,  Revised  Approach  Lighting  Criteria, 
dated  4/9/73,  calls  for  the  installation  of  frangible  struc- 
tures with  all  new  systems.  The  order  goes  on  to  state  that 
a frangible  retrofit  program  will  be  considered  in  future 
budgets  for  all  presently  commissioned  facilities  when  stand- 
ards and  criteria  have  been  developed. 

In  1976  when  the  FAA's  Agency  Review  Board  (ARB)  was 
reviewing  the  FY  1978  Facilities  and  Equipment  budget,  they 
approved  a retrofit  program  for  $5.2  million.  (The  funding 
was  later  cut  to  $4.0  million.)  Consistent  with  the  require- 
ment in  Order  6850.9  for  criteria  development,  the  ARB  directed 
that  benefit/cost  criteria  be  developed  for  the  frangible  tower 
retrofit  program  prior  to  inclusion  in  future  budgets.  ALSIP 
criteria  developed  in  the  study  will  provide  the  guidance  man- 
dated by  the  agency  for  future  THE  budget  considerations . 

In  Jtme  1978  the  Department  of  Transportation's  Trans- 
portation System  Acquisition  Review  Council  (TSARC)  approved 
fxmding  of  the  entire  ALSI  Program.  Under  the  program,  397 
rigid  approach  light  systems  will  be  retrofitted  at  a cost 
of  $77.7  million.  Funding  will  be  approved  within  each  budget 
year  for  locations  on  a priority  basis . The  implementation 
priority  will  be  decided  by  ordering  on  benefit/cost  values. 


II.  ALSIP  COSTS  AND  PROGRAM  DESCRIPTION 


The  ALSI  Program  can  be  segmented  into  three  Independ 
ent  subprograms.  It  is  the  intent  of  this  study  to  develop 
criteria  for  each.  A comprehensive  description  of  each  ALS 
and  associated  procurement  costs  can  be  found  in  an  Airway 
Facilities  Service  Acquisition  Paper  entitled  "Acquisition 
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Paper  for  the  Retrofit  of  Approach  Lighting  Systems  with  Low- 
Impact  Resistant  Light  Support  Structures." 

The  total  ALSIP  cost  is  $77.7  million.  The  funding 
breakdown  is  currently  planned  as  follows : 


FY  77  (assigned)  $ 3.3  million 

FY  78  (assigned)  4.0 

FY  79  6.0 

FY  80-86  ($8.0  million/year)  56.0 

FY  87  8.4 


$77.7  million 


The  description  and  funding  requirements  for  each  sub- 
program are  outlined  below. 

A.  Subprogram  I.  Convert  existing  ALSF-2  (and  ALSF-l’s 
designated  for  aLsF-2  conversion)  to  low-impact  resistant  (LIR) 
swltchable  ALSF-2 . The  switching  feature  could  convert  an 
ALSF-2  configuration  to  an  SSALR  configuration  (Simplified 
Short  Approach  Lighting  System  with  Runway  Alignment  Indicator 
Lights)  when  weather  ceiling  and  visibility  permit. 


Program  cost  for  70  systems  ■ $35.3  million  @ $503,900/unlt 


Washington  office  furnished  equipment  $288,900 
Regional  engineering  and  construction  175,000 
Removal  of  old  equipment  40,000 


Total  Unit  Cost  $503,900 


B.  Subprogram  II.  Convert  ALSF-1  (not  designated  for 
ALSF-2  conversion)  to  LIR  MALSR. 


Program  cost  for  197  systems  - $28.5  million  @ $144, 700/unit 


Washington  office  furnished  equipment  $ 32,200 
Regional  engineering  and  construction  72,500 
Removal  of  old  equipment  40,000 


Total  Unit  Cost  $144,700 
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C.  Subprogram  III.  Convert  nonfranglble  MALSR  to 
LIR  MALSR. 

Program  cost  for  130  systems  - $13.9  mlllloa  @ $107,100/unlt 


Washington  office  furnished  equipment  $ 25,900 
Regional  engineering  and  construction  68,700 
Removal  of  old  equipment  12.500 


Total  Unit  Cost  $107,100 


III.  ALSIP  PAYOFFS 

The  ALSI  Program  Is  designed  to  reduce  hazards  to  air- 
craft departing  and  arriving  the  airport  approach  area,  reduce 
energy  consumption,  and  reduce  maintenance  requirements  at 
selected  ALS  runways . Hazard  reduction  is  the  primary  payoff 
or  benefit  while  maintenance  and  energy  savings  are  of  second- 
ary Importance.  The  following  material  is  principally  taken 
from  the  Airway  Facilities  Service  Acquisition  Paper  on  the 
LIR  Program. 

A.  Hazard  Reduction.  In  terms  of  the  overall  program, 
the  reduction  of  hazards  to  arriving  and  departing  aircraft 

is  solely  attributable  to  the  frangible  nature  of  the  ALS. 

If  struck  by  an  aircraft,  the  light  structure  is  designed  to 
yield  without  causing  major  structural  damage  or  loss  of  air- 
craft control.  The  structure  is  designed  not  to  yield  or 
break  when  subject  to  high  winds,  ice,  or  other  normal  mete- 
orological or  environmental  conditions . Hazard  reduction 
(i.e.,  safety  enhancement)  is  a common  element  to  all  three 
ALSIP  subprogram  elements . 

B.  Energy  Conservation.  Besides  being  the  lowest 
cost  system  in  tne  aLS  inventory,  medium- intensity  approach 
light  systems  (MALS)  are  the  least  energy-intensive.  Coupled 
with  RAILS  (or  Runway  Alignment  Indicator  Lights) , an  MALS 
forms  an  MALSR  configuration.  The  MALSR  is  required  to  pro- 
vide the  basic  approach  guidance  for  Category  I landing  minl- 
mums.  Replacing  ALSF-1  systems  on  Category  I runways  with 
MALSR  systems  provides  a potential  energy  saving  of  89  percent, 
or  190,000  kilowatt  hours  per  year  per  system.  Accrued  bene- 
fits here  are  directly  attributable  to  Subprogram  II,  as 
identified  on  page  2. 


( 


3 


r 


I 


r 


There  are  also  energy  conservation  savings  attrib- 
utable to  Subprogram  I elements . The  latest  standard  design 
of  the  ALSF-2  is  more  energy-efficient.  While  a full  panoply 
of  lights  is  required  for  landings  conducted  in  weather  with 
ceilings  below  200  feet  or  visibility  of  less  than  1/2  mile 
(Category  II) , the  SSALR  configuration  using  less  than  half 
the  lights  is  perfectly  adequate  for  all  higher  visibility 
conditions  that  predominate.  The  decision  to  replace  exist- 
ing ALSF-2  (and  ALSF-l's  designated  for  ALSF-2  conversion) 
with  swltchable  ALSF-2  configuration  will  produce  an  energy 
saving  of  approximately  43  percent,  or  138,700  kilowatt  hours 
per  year  per  system. 

C.  Maintenance  Savings . While  a saving  in  staffing 
is  not,  by  itself,  an  objective  of  the  program,  a saving  will 
result  from  the  conversion  of  existing  ALSF-1  facilities  to 
the  MALSR  configuration.  An  AI..SF-1  requires  approximately 
0.77  man-years  for  maintenance,  while  an  MALSR  requires  only 
0.35.  Thus,  a saving  of  0.42  man -years /year  is  realized  for 
each  conversion  of**af!  ftLSF-1  to  MALSR  (Subprogram  II)  . It  is 
not  anticipated  that  any  ^^pqration  of  personnel  would  result 
from  these  savings , but  the  effort  saved  could  avoid  staffing 
increases  that  might  otherwise  be  required.  The  possibility 
of  a long-term  reduction  in  Airx-zay  Facilities  Service  staffing 
is  not  considered  in  the  analysis . 


IV.  SAFETY  ANALYSIS 

Statistical  Data  on  Aircraft  Striking  ALS  Structures 

An  Office  of  Aviation  Systems  Plans  report  entitled 
"Retrofit  Frangible  Towers  Program  Study,"  dated  July  19, 

1977,  dociimented  the  historical  costs  associated  with  aircraft 
damage  and  Injury  to  occupants  for  air  carrier  and  general 
aviation  aircraft  which  struck  approach  li^t  structures. 

The  following  material  is  taken  primarily  from  that  report : 

A.  Review  of  Accidents . Based  on  a review  of  (1) 
briefs  of  U . S . air  carrier  accidents  for  the  years  1966-1975, 
(2)  FAA  accident/ incident  reports,  and  (3)  NTSB  accident 
investigation  files  and  reports,  it  has  been  established  that 
12  air  carrier  accidents  involving  aircraft  striking  ALS  struc 
tures  occurred  in  the  United  States  during  the  period  1966-197 
However,  three  of  these  accidents  involved  the  aircraft  first 
striking  the  ILS  localizer,  and  consequently  these  accidents 
were  not  included  in  this  study.  A number  of  incidents  (i.e.. 
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an  aircraft  occurrence  which  is  not  classified  as  an  acci- 
dent and  In  which  a hazard  or  potential  hazard  to  safety  Is 
involved)  were  identified  in  which  the  air  carrier  aircraft 
struck  ALS  structures,  but  these  also  were  not  included  in 
this  study. 

FAA  and  NTSB  records  were  also  reviewed  to  deter- 
mine general  aviation  accidents  which  involved  aircraft  strik- 
ing nonfranglble  ALS  structures.  This  review,  which  only 
covered  a five-year  period,  identified  10  such  general  avia- 
tion accidents  that  occurred  during  1972  to  1976. 

The  accidents  considered  in  this  study  are  listed 
in  Tables  1 and  2 along  with  data  on  the  type  of  aircraft, 
extent  and  costs  of  damage,  and  the  number  and  imputed  costs 
of  fatalities  and  injuries.  Also,  a brief  resume  of  each 
accident  is  set  forth  in  Appendix  A. 

B.  Cost  Factors . The  cost  of  the  accidents  identified 
in  this  study  was  quantified  in  dollars  consistent  with  pre- 
vious studies  conducted  by  the  Office  of  Aviation  System  Plans 
to  determine  the  effectiveness  of  FAA  National  Aviation  System 
safety  programs.  The  values  used  are  as  follows: 

1.  Air  carrier  aircraft 


a.  Destroyed  - The  average  selling  price  of 
an  identical  make  and  model  used  aircraft  in  the  year  of  the 
accident. 


b.  Substantial  damage  - One-third  of  the  cost 
of  a replacement  aircraft . 

c.  Minor  damage  - No  monetary  value  assigned. 

2 . General  aviation  aircraft 

a.  Destroyed  - General  aviation  aircraft  were 
first  categorized  by  size,  and  through  a computer  process , 
the  average  age  of  destroyed  aircraft  in  each  category  was 
determined  annually  and  a representative  value  assigned. 

b.  Substantial  damage  - One-third  of  the  cost 
of  a replacement  aircraft . 

c.  Minor  damage  - No  monetary  value  assigned. 
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3.  Value  of  human  life  - The  economic  loss  of 
human  life  was  selected  to  be  $300,000.  This  value  was 
arrived  at  by  projection  of  five  years  of  non -Warsaw  actual 
settlements . This  figure  has  also  been  previously  used  by 
the  agency  in  its  facility  criteria  studies . 

« 

4 . Cost  of  injury 

a.  Serious  injury  - A value  of  $45,000  was 
used  for  each  serious  injury.  This  value  was  also  based  on 
a projection  of  five  years  of  non-Warsaw  actual  settlements. 

b.  Minor  injury  - A value  of  $6,000  was  used 
for  each  minor  injury. 

Based  on  the  above  figures,  the  total  historical 
cost  of  the  accidents  considered  in  this  study  is  $30.5  mil- 
lion. Of  this  amount,  approximately  half  was  accoxinted  for 
by  one  accident  (the  Eastern  Airlines  Flight  66  accident  at 
J.  F.  Kennedy  in  1975),  while  tv70  other  air  carrier  accidents 
accounted  for  another  23  percent  of  the  total. 

The  complete  ALSIP  retrofit  program  costs  $77.7  ) 

million.  Although  accident  costs  exceed  ALS  retrofit  costs, 
this  alone  is  not  a sufficient  basis  for  program  approval. 

The  reason  is  that  not  all  ALSI  Program  elements  may  prove 
economic  when  considered  separately.  The  problem  reduces  to 
determining  the  crossover  point--the  point  at  which  ALS  retro- 
fit becomes  advantageous  for  the  Federal  Government  to  fund. 

Maximum  ALSIP  cost-effectiveness  can  be  achieved  by  retrofit- 
ting only  those  structures  which  satisfy  economic  criteria 
on  a site-by-site  basis. 

C.  Benefit  Quantification.  FAA's  National  Flight 
Data  Center  (NfDC)  provided  most of  the  data  required  for  the 
ALS  safety  analysis.  Using  the  NFDC  computer  file,  runways 
having  rigid  ALS  structures  were  Isolated.  Air  carrier  and 
general  aviation  (including  air  taxi)  operations  on  the  sub- 
set of  ALS  runways  were  computed  by  applying  the  runway 
activity  distribution  factors  published  in  Order  7031. 2B, 

Airway  Planning  Standard  Number  One,  paragraph  16.  Base-year 
activity  data  was  FY  1976.  Historical  (1966-1976)  aviation 
activity  data  were  obtained  from  the  FAA's  Aviation  Forecast 
series.  The  data,  appearing  in  Table  3,  are  used  to  determine 
accident  rate  statistics. 
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TABLE  3 

Operations  on  ALS  Runways 


(In  millions) 

General  Aviation 

Fiscal  Year 

Air  Carrier 

Including  Air  Taxi* 

1966 

2.5 

1967 

2.9 

1968 

4.0 

1969 

4.9 

1970 

5.1 

1971 

5.0 

1972 

4.9 

12.6 

1973 

5.3 

13.7 

1974 

5.3 

16.1 

1975 

5.6 

18.0 

1976 

5.7 

20.3 

51.2  million 

80.7  million 

*1966-71  activity  data  not  required  for  general  aviation 
accident  analysis 


Pre-1976  activity  on  ALS  rxinways  was  adjusted 
downward  because  only  half  of  the  current  ALS  Inventory  was 
operational  in  1966 . 

The  accident  rate,  as  defined  in  this  study,  is 
the  nuiid>er  of  accidents  in  vdilch  an  aircraft  struck  a rigid 
ALS  resulting  in  either  significant  structural  damage  or 
Injury  to  occupants  divided  by  the  total  operations  at  run- 
ways having  nonfranglble  ALS's. 

The  accident  rate  is  simply  the  probability  of  an 
aircraft  striking  a rigid  ALS.  Because  of  the  nature  of  and 
availability  of  data,  two  discrete  probability  figturea  can 
be  discerned- -one  for  air  carrier  and  one  for  general  avia- 
tion including  air  taxi  accidents.  The  average  or  e^p^ctad 
accident  value  per  aircraft  operation  can  then  be  computed 
by  multiplying  the  probability  of  an  accident  (l.e.,  acci- 
dent rate)  by  the  average  damage  sustained  by  impacting  rigid 
approach  light  structures . 
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Over  the  period  of  study,  there  were  9 air  car- 
rier and  10  general  aviation  accidents  in  which  substantial 
damage  resulted  by  the  aircraft  striking  rigid  ALS's.  As 
documented  in  Tables  1 and  2,  the  total  accident  costs  are 
$78,89  million  and  $1.61  million,  respectively.  The  average 
cost  per  air  carrier  accident  is  then  $78.89  million  divided 
by  9, or  $8.77  million/accident.  The  average  cost  for  a typi 
cal  general  aviation  accident  is  $1.61  million  divided  by  10 
or  $0.16  million/accident. 

The  accident  rates  for  air  carrier  and  general 
aviation  are  derived  by  dividing  the  number  of  accidents  by 
total  operations  conducted  on  ALS  runways  (Table  3) . 


For  air  carrier:  9 accidents  In  51.2  x 10^  operations 
or  .18  X 10”®  accidents/operation 


For  general  aviation 


or  .12  X 10”®  accidents/operation 


follows 


For  air  carrier:  .18  x 10“®  accident/operation  x 

$8.77  X 10®/accldent  ■ $1.58/operatlon 


For  general  aviation:  .12  x 10'®  accident/operation  x 

$0.16  X l0®/accldent  ■ $0.02 /operation 


Values  used  in  the  computation  of  present  worth 
costs  and  benefits  are  based  upon  a 10  percent  annual  rate 
of  retiirn  over  a 15-year  econo^c  life.  These  parameters 
are  consistent  with  0MB  guidelines  and  with  previous  economic 
studies  published  by  the  Office  of  Aviation  System  Plans. 

A discount  factor  of  7.605  is  used  to  compute 
aviation  payoffs  and  recurring  O&M  costs  over  the  15 -year 


frame.  This  factor  is  Increased  in  proportion  to  expected 
aviation  growth  for  benefits  that  vary  with  activity  levels — 
i.e.,  safety.  For  expected  safety  payoffs, discounted  growth 
factors  of  9.237  and  10.833  are  used  for  air  carrier  and 
general  aviation,  respectively.  These  factors  are  derived 
in  Table  4. 


The  IS -year  discounted  values  can  be  applied  to 
the  average  air  carrier  and  general  aviation  safety  benefits 
per  operation  to  compute  the  discounted  safety  benefits  per 
operation,  as  follows: 


For  air  carrier:  $1.58/operatlon  x 9.237  ■ 

$14 .59 /operation  (discounted) 


For  general  aviation  $0,02 /operation  x 10.833  “ 

(Including  air  taxi) : 

$0.22 /operation  (discounted) 


Accident  costs  are  assumed  totally  attributable 
to  the  lack  of  frangible  light  structures . This  assumption 
allows  all  possible  consideration  to  the  safety  benefit  of 
retrofitting  rigid  ALS  with  low-impact  resistant  supports-- 
the  classic  risk  avoidance  argument  for  benefit  assessment. 
This  approach  typically  overstates  ALSIP  safety  payoffs;  how 
ever,  there  are  two  conclusions  that  can  be  inferred: 

. No  additional  safety  benefit  enhancement  is 
possible  as  all  accidents  have  already  been 
included  in  the  analysis . 

Investment  guidelines,  empirically  derived 
from  the  economic  analysis,  describe  the 
"worst-case  situation." 


11 


V. 


MAINTENANCE  SAVINGS  QUANTIFICATION 


A potential  saving  In  maintenance  expenses  can  be 
realized  from  conversion  of  each  existing  ALSF  light  system 
to  the  MALSR  configuration.  An  ALSF-1  requires  approximately 
0.77  man-years  for  maintenance,  while  an  MALSR  requires  only 
0.35.  This  means  that  a net  saving  of  0.42  man-years  Is  pos- 
sible for  each  ALSF-1  to  MALSR  conversion.  While  reductions 
In  personnel  are  not  expected,  existing  staff  might  become 
Increasingly  available  for  other  Airway  Facilities  Service 
requirements  without  hiring  additional  personnel.  Costed  at 
$19,000  per  year,  each  0.42  man-year  saving  per  system  amounts 
to  $19,000  X .42,  or  $7,980  annual  savings  per  system;  15-year 
discounted  savings  are  then: 


$7,980  X 7.605  - $60,688  per  system 


Remember  that  this  maintenance  saving  refers  only  to 
hlgh-lntenslty  to  medium-intensity  system  retrofit.  There 
are  no  maintenance  savings  anticipated  under  the  remaining 
two  portions  of  the  ALSI  Program  (MALSR  to  MALSR  and  ALSF-2 
to  ALSF-2) . 


VI.  ENERGY  CONSERVATION  QUANTIFICATION 

This  benefit  category  applies  to  hlgh-lntenslty  (ALSF-1) 
retrofit  to  medium- Intensity  (MALSR)  and  to  modification  of 
existing  ALSF-2  systems  to  swltchable  SSALR. 

The  medium-intensity  approach  light  system  has  Inherent 
virtues.  Besides  being  the  lowest  cost  system  In  the  approach 
light  Inventory,  It  also  consumes  the  least  amount  of  energy, 
while  still  providing  the  basis  approach  guidance  required 
for  Category  I landing  mlnlmums.  Replacing  ALSF-1  systems 
on  Category  I runways  with  MALSR  systems  provides  a potential 
energy  saving  of  84  percent  or  190,000  kilowatt  hours  per 
year  per  system.  At  5c  per  kilowatt  hour,  the  annual  saving 
Is  $9,500.  This  estimate  Is  based  upon  12-hour/day  operation 
at  the  medium-intensity  setting. 

The  latest  standard  design  of  the  ALSF-2  Is  more 
energy-efficient  than  former  systems . While  a full  panoply 
of  lights  Is  required  for  landings  conducted  In  weather  with 
ceilings  below  200  feet  and  visibility  less  than  1/2  mile 
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(Category  II,  the  SSALR  configuration,  using  less  than  half 
the  lights.  Is  adequate  for  all  higher  visibility  conditions. 
Thus  the  decision  to  replace  existing  ALSF-2's  and  ALSF>l's 
designated  for  ALSF-2  conversion  with  swltchable  ALSF-2  con- 
figuration will  produce  an  energy  saving  of  approximately 
43  percent  or  138,700  kilowatt  hour  per  year.  Again,  this 
assxjmes  12-hour/day  operation  at  the  middle  step  Intensity 
setting.  Annual  savings  per  system  amoiuit  to  $6,935. 

Recapping,  per-slte  annual  energy  benefits  are: 


For  ALSF-1  to  MALSR: 

$0. 05/kwh  X 190,000  kwh  - 

$9,500  X 7.605  - $72,248  (discounted) 


For  ALSF-2  to  swltchable  ALSF-2  (SSALR) : 
$0.05 /kwh  X 138,700  kwh  - 
$6,935  X 7.605  - $52,741  (discounted) 


VII.  DERIVATION  OF  INVESTMENT  GUIDELINES 

The  development  of  Investment  guidelines  for  replace- 
ment of  existing  approach  light  systems  Involve  assessing  the 
relative  costs  and  benefits  of  each  of  the  three  ALSIP 
subprograms : 

ALSF-2  to  swltchable  ALSF-2/SSALR 
. ALSF-1  to  frangible  MALSR 
. MALSR  to  frangible  MALSR 

The  approach  will  be  to  consider  nonactlvlty-related 
maintenance  and  energy  savings  apart  from  safety  benefits 
which  are  activity-dependent.  A beneflt-versus-cost  rela- 
tionship can  then  be  developed  based  upon  air  traffic  counts . 
The  benefit/cost  formulae  use  air  carrier  activity  for  safety 
benefit  computations.  Each  operation  Is  costed  at  $14.59 
(dlscoimted  dollars)  for  benefit  computations. 
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Payoffs  attributable  to  general  aviation  activity  are 
considered  negligible  and  are  not  addressed  in  the  benefit/ 
cost  calculation.  Evaluation  of  the  potential  safety  bene- 
fits of  general  aviation  results  in  a 22 -cent  per  operation 
payoff,  or  1.5  percent  of  the  value  of  an  air  carrier 
operation . 

There  may  be  Isolated  circumstances,  however,  where 
the  level  of  general  aviation  activity  is  significant  to 
Influence  the  benefit/cost  computation.  The  following 
expression,  when  added  to  the  ntjmerator  of  the  benefit/cost 
ratio,  will  enable  calculation  of  total  safety  benefits  for 
air  carrier  and  general  aviation  aircraft: 


. , , . Z general  aviation 

Annual  general  aviation  ^ ^ 0 22 

airport  operations  candidate  runway 


It  will  be  evident  from  discussion  following  that 
general  aviation  safety  payoffs  provide  little  impact  on 
benefit/cost  ratio  values.  For  this  reason,  and  to  keep 
computation  complexity  to  a minimum,  general  aviation  bene- 
fits have  been  deleted  from  formulae  appearing  in  Airway 
Planning  Standard  Number  One.  It  is  emphasised,  however, 
that  the  user  does  have  the  option  of  inserting  and  com- 
puting the  above  expression  if  the  volume  and  type  of 
traffic  warrant  general  aviation  consideration. 

The  remainder  of  the  section  describes  both  benefit/ 
cost  and  activity  formulae  for  each  ALSIP  subprogram. 

Activity  formulae  may  be  used  in  lieu  of  the  benefit/cost 
eqiiatlons  when  per-site  installation  costs  are  not  available. 
These  formulae  will  yield  ratio  values  nearly  identical  to 
the  benefit/cost  values  when  ALS  retrofit  costs  are  close  to 
those  listed  in  this  report.  As  per-site  costs  diverge  from 
average  values,  the  correlation  of  ratio  values  between 
activity  and  benefit/cost  formulae  decreases.  Nevertheless, 
activity  formulae  are  useful  for  purposes  of  long-range 
budget  planning. 

Activity  formulae  are  derived  by  subtracting  discounted 
maintenance  savings  and  energy  conservation  benefits  whenever 
applicable  from  nonrecurring  ALS  Installation  costs  (dis- 
counted using  a I.O  factor).  The  difference  yields  the  amount 
of  safety  payoffs  necessary  to  be  commensurate  with  facility 


costs.  Since  the  safety  payoff  per  operation  has  been  com- 
puted previously,  the  requisite  operations  for  ALS  retrofit 
can  then  be  calculated  by  simple  arithmetic. 

A.  Subprogram  I (ALSF-2  to  switchable  ALSF-2/SSALR) 
(70  systems)  . 


Program  cost/aystem  $503,900 
Energy  savings  (discounted)  -52,700 
Maintenance  savings  0 


Met  cost  $451,200 


Safety  benefits  (discounted)  > $14. 59/air  carrier  operation 

- $0. 22/general  aviation  operation 


Runway  operations  required  to  Justify  net  costs: 

For  air  carrier:  30,925 

For  general  aviation 

(including  air  taxi):  2,050,000 


In  the  absence  of  air  carrier  activity,  general 
aviation  activity  requirements  are  clearly  infeasible  for 
this  subprogram. 

Activity  Criteria  (to  be  used  when  per-site  retro 
fit  costs  have  not  yet  been  determined) 


Annual  airport  Fraction  air  carrier 

air  carrier  operations  x usage  on  » Ratio  value 

31,000  candidate  runway* 


*See  Part  D of  this  section  on  recommended  runway  usage 
factors  in  absence  of  specific  data. 


kbiSQli 


Benefit/ Cost  Criteria 


Air  carrier  safety  *■  ALS  energy  benefits 
F&E  cost 


B/C  ratio 


Air  carrier  Fraction 

airport  air  carrier  usage 
operations  X on  candidate  runway  x 14.59  + 52,700 
Washington  + regional  F&E  cost 


B/C  ratio 


B.  Subprogram  II  (ALSF-1  to  MALSR)  (197  systems) 


Program  cost/system 
Energy  savings  (discounted) 
Halntenance  savings 

Net  cost 


$144,700 

-72,200 

-60,700 

$ 11,800 


Safety  benefits  (discounted)  - $14.S9/alr  carrier  operation 

> $0.22 /general  aviation  operation 


Runway  operations  required  to  Justify  net  costs: 


For  air  carrier: 

For  general  aviation: 


53,636 


Activity  Criteria  (to  be  used  when  per-site  retro- 
fit costs  have  not  yet  been  determined) . 


Annual  airport  Fraction  air  carrier 

air  carrier  operations  x usage  on  ■ Ratio  value 

800  candidate  runway 


o 


0 


o 


Benefit/Cost  Criteria 


Air  carrier 

Safety  + ALS  Energy  + 
F&E  Cost 


ALS 

Halntenance 

Benefits 


B/C  ratio 


or 


Air  carrier  Fraction 

airport  air  carrier  usage 

operations  x on  candidate  runway  x 14,59  + 132,900 
Washington  -f  regional  F&E  cost 


C.  Subprogram  III  (MALSR  to  low-impact  resistant 
MALSR)  (130  syWems)  . 

i 

Program  cost/system 
Energy  savings 
Maintenance  savings 

Net  cost 


Safety  benefits  (discounted)  ■ $14.59/alr  carrier  operation 

> $0. 22/general  aviation  operation 


$107,100 

0 

0 


$107,000 


I ) 


Runway  operations  required  to  Justify  average  net  costs: 

For  air  carrier:  7,341 

For  general  aviation 

(Includes  air  taxi)  : 486,818 


In  the  absence  of  air  carrier  activity,  general 
aviation  activity  requirements  are  judged  infeasible  for 
this  subprogram. 
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Activity  Criteria  (to  be  used  when  per-slte  retro* 
fit  costs  have  not  yet  been  determined) . 


Annual  airport  Fraction  air  carrier 

air  carrier  operations  x usage  on 

7 , 300  candidate  runway 


Ratio  value 


Benefit/Cost  Criteria 


Air  carrier  safety  benefits  „ 


or 


Fraction  air  carrier 
Air  carrier  usage  on 

airport  operations  x candidate  runway  x 14.59 

Washington  + regional  F&E  cost 


D.  Note  on  Runway  Utilization.  Air  carrier  usage  on 
the  candidate  runway  is  the  fraction  of  current  activity 
which  departs  or  lands  over  the  particular  rigid  approach 
lighting  system.  For  runways  having  rigid  ALS's  at  each  end, 
runway  usage  fraction  should  include  all  air  carrier  activity 
at  both  arrival  and  departure  ends . 

If  runway  utilization  is  not  known  or  cannot  be 
otherwise  estimated,  it  is  suggested  that  the  following 
values  (consistent  with  previous  ILS  criteria  studies)  be 
used : 


Primary  ALS  runway 

Secondary  ALS  runway 

Tertiary  and  subsequent 
ALS  runways 


60Z  air  carrier  usage 
30Z  air  carrier  usage 

ISZ  air  carrier  usage 
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VIII . IMPACT  ASSESSMENT  - FY  1978  PROPOSED  LOCAIIONS 


The  preliminary  FY  1980  budget  originally  contained 
178  proposed  runways  for  possible  approach  lighting  system 
retrofit  under  ALSIP.  Three  ALSIP  budget  blocks  are  listed 

Provide  frangible  towers  - ALS/ALSF  (25  sites) 

. Provide  frangible  towers  - MALSR  (149  sites) 

Provide  frangible  towers  - MALS  (4  sites) 

The  latest  FY  1980  budget  proposal,  using  ALSIP  cri- 
teria evaluation  and  ranking,  is  as  follows: 


Validated  Projects 
Provide  frangible  ALS/ALSF 
Provide  frangible  MALSR 
Totals 


11  sites  at  $ 5,204,100 
51  sites  at  $ 7,341,100 
62  sites  at  $12,545,200 


Validated  Projects  Moved  to  FY  1979 

Provide  frangible  MALSR  11  sites  at  $ 1,727,800 


Cut  Due  to  Funding  Limitations 
Provide  frangible  ALS/ALSF 
Provide  frangible  MALSR 
Provide  frangible  MALS 
Totals 


14  sites  at  $ 6,425,700 
77  sites  at  $11,926,300 
2 sites  at  $ 151,200 

93  sites  at  $18,503,200 
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Nonvalldated  Projects* 
Provide  frangible  MALSR 
Provide  frangible  MALS 
Totals 


10  sites  at  $ 1,987,200 
2 sites  at  $ 158,000 

12  sites  at  $ 2,145,200 


*Nonvalldated  due  to  U.S.  Air  Force  objections.  The  Air  Force 
recommends  that  only  full-length  ALS's  be  employed  at  all 
joint-use  fields  used  by  high-performance  military  aircraft. 
As  a result,  LIR  retrofit  of  ALSF  systems  to  MALSR  or  MALS  Is 
a nonvalldated  budget  Item  In  FY  1980. 


All  rxinways  budgeted  in  FY  1980  for  ALSI  retrofit  have 
benefit/cost  ratios  of  1.0  or  greater.  Full  descriptions  of 
place  names  and  associated  costs  for  the  proposed  FY  1980 
ALSI  Program  are  found  in  Tables  5 through  8 . Locations  are 
listed  by  priority  order  within  each  region  as  determined  by 
FAA's  Flight  Standards  Service  and  the  Office  of  Aviation 
System  Plans . 


( ) 


IX.  ECONOMIC  ASSESSMENT  - COT^LETE  ALSI  PROGRAM 

The  previous  section  described  the  effects  of  apply- 
ing ALSIP  criteria  to  the  FY  1980  FAA  budget  proposal . This 
section  illustrates  the  economic  impact  for  the  total  ALSI 
Program. 

Runways  listed  for  frangible  retrofit  in  the  initial 
FY  1978  and  FY  1979  FAA  budget  proposals  were  also  evaluated 
using  the  criteria  developed  in  this  study.  It  was  found 
that  many  duplicate  runways  appeared  in  subsequent  budget 
submissions.  For  these  cases,  only  the  last  year  of  request 
was  retained,  eliminating  the  possibility  of  double  counting 
identical  ALSIP  requests.  In  all,  some  400  ALS  runways  were 
assessed  for  retrofit  using  FY  1977  air  traffic  activity  and 
current  cost  estimates. 

ALSIP  economic  assessment  was  obtained  by  merging  the 
results  of  each  budget  request,  1978  to  1980.  The  results 
of  applying  benefit/cost  evaluation  to  all  potential  ALS 
retrofit  projects  are  as  follows: 
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(Coatlnued) 


ALSIP  Projects  Cut  Due  to  Funding  Limitations 


Nonvalldated  ALSIP  Projects 


Bstlaated  Nuober 
Having  B/C  Ratios 


Potential  Nuober 
of  Systems 


ALSF-2  to  swltchable 
LIR  ALSF-2 


ALSF-1  to  LIR  MALSR 


HALSR  to  LIR  HALSR 


Total 


Projects  having  benefit/cost  ratios  equalling  or 
exceeding  xmlty  amount  to  $48.4  million  (which  Is  some 
$30  million  below  the  total  program  cost  of  $77.7  million) 


APPENDIX  A 


Resumes  of 

Air  Carrier  and  General  Aviation 
Accidents 


The  following  resxnnes  have  been  prepared  on  the  basis  of 
Information  contained  in  NTSB  and  FAA  official  accident 
reports  and  files . 


AIR  CARRIER 

A-1  Date  of  Accident;  November  2,  1966 

Rcsun^;  During  an  ILS  approach,  the  aircraft  encoun- 
tered  heavy  rain  showers  which  obscured  the  airport. 

The  aircraft  struck  the  ALS  pier  located  120  feet 
(36m)  short  of  the  runway.  The  impact  sheared  the 
landing  gear  and  the  aircraft  skidded  down  the  runway. 

A-2  Date  of  Accident;  November  29,  1966 

Restime ; The  aircraft  aborted  takeoff  and  continued 
off  the  end  of  the  runway  approximately  580  feet  (176m)  . 
After  leaving  the  rvinway,  the  pilot  purposely  turned 
the  aircraft  slightly  to  the  right  to  avoid  the  approach 
light  stanchions  "to  keep  from  being  washed  out,"  but 
the  left  wing  contacted  a pole  and  the  aircraft  came 
to  a stop. 

A-3  Date  of  Accident;  June  3,  1968 

Resume ; During  an  instrument  approach,  the  aircraft 
struck  six  approach  light  structures  beginning  approxi- 
mately 700  feet  (213m)  from  the  runway  threshold.  Sev- 
eral of  the  12"xl0"  timbers  supporting  the  lights  were 
broken  off  and  pxjnctured  the  cabin  floor  and  were  found 
endbedded  in  the  left  wheel  well  and  in  two  of  the 
engines.  The  fuselage  contained  a 16 "x8"  (40cm  x 20cm) 
piece  of  wood.  The  left  main  gear  was  torn  off,  and 
the  right  main  gear  separated  on  landing. 


* A-4  Date  of  Accident;  July  30,  1971 

^ Resume ; During  takeoff,  the  aircraft's  right  main 

j body  gear  struck  the  lights  of  the  first  platform  of 

' the  ALS.  The  left  body  gear  struck  each  of  the  first 

three  light  platforms,  and  the  underside  of  the  fuse- 
lage came  in  contact  with  the  handrail  and  walkway  just 
i past  the  third  platform.  Three  pieces  of  angle  iron 

{ (mainly  the  steel  handrail  sections)  penetrated  the 

! passenger  compartment.  One  section  pierced  the  floor, 

I passed  through  two  seats  (nearly  severing  the  leg  of 

one  passenger  and  severely  lacerating  and  crushing  the 
j upper  arm  of  the  other  passenger) , and  then  exited 

* through  the  fuselage . A second  piece  of  angle  iron 

17  feet  (5.18m)  in  length  penetrated  the  floor  of  the 
cabin  and  Impaled  four  seats,  but  no  injuries  resulted 
as  the  seats  were  xanoccupled.  A third  section  pene- 
trated the  passenger  cabin  and  passed  through  other 
unoccupied  seats  and  lavatories.  Other  wood  debris  and 
metal  pieces  of  the  ALS  struck  the  inboard  section  of 
the  wing  flaps,  the  horizontal  stabilizer,  and  the 
elevators.  Three  of  the  four  hydraulic  systems  failed 
immediately  thereafter. 

The  aircraft  continued  in  flight  for  1 hour  and  45  min- 
utes while  the  flight  crew  assessed  the  structural 
damage  and  dumped  fuel.  The  aircraft  returned  for  a 
landing  at  San  Francisco,  touched  down  hard  on  the  run- 
way, and  subsequently  veered  off  the  runway.  During 
the  aircraft  evacuation,  27  other  passengers  were 
Injured  with  8 of  these  suffering  serious  back  injuries. 

A-5  Date  of  Accident;  December  12,  1972 

Re  Slime ; The  flight  had  been  conducting  an  autocoupled 
landing  approach  under  Category  II  procedures.  During 
the  transition  from  Instrument  to  visual  reference,  the 
aircraft  continued  below  the  glide  slope  and  Increased 
its  rate  of  descent.  The  pilot  applied  thrust  and 
rotated  the  aircraft  seconds  before  it  struck  approach 
light  bars  which  were  mounted  on  a wooden  pier  just 
short  of  the  runway  threshold  area.  The  aircraft 
momentarily  became  airborne  again  and  then  crashed  onto 
the  runway  and  slid  approximately  2,600  feet  (792m). 

The  main  landing  gear  and  all  of  the  engines  separated 
along  the  deceleration  path. 
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A-6  Date  of  Accident:  November  27,  1973 
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Resume : The  aircraft  initiated  an  excessive  rate  of 
descent  after  passing  the  decision  height.  Although 
the  sink  rate  was  reported  at  900  feet  (274m)  per 
minute,  it  could  have  been  corrected  at  a point  before 
the  landing  flare.  However,  the  pilot  maintained  the 
sink  rate  until  at  an  altitude  where  the  aircraft  could 
not  recover.  While  corrective  actions  were  taken, 
before  any  reaction  to  the  control  inputs  could  be 
noted,  the  aircraft  struck  the  approach  lights  1,600 
feet  (487m)  from  the  runway  threshold  and  approxi- 
mately 20  feet  (6.1m)  above  the  ground.  After  initial 
impact,  the  aircraft  continued  to  descend,  striking 
additional  rigid-mounted  ALS  structures  and  a flood 
control  dike  before  coming  to  rest  450  feet  (137m) 
beyond  the  threshold. 

A-7  Date  of  Accident:  December  17,  1973 

Resume : While  on  an  ILS  approach  an  increased  rate 
of  descent  was  induced  by  an  encounter  with  a low- 
altitude  wind  shear  at  a critical  point  in  the  landing 
approach  where  the  pilot  was  transitioning  from  instru- 
ment to  visual  flight.  This  increased  rate  of  descent 
was  not  recognized  in  time  to  arrest  it  before  the  air- 
craft struck  the  approach  lights  located  approximately 
25  feet  (7.6m)  above  mean  water  level  on  wooden  piers 
in  the  harbor  about  500  feet  (152m)  short  of  the  runway. 
The  aircraft  then  struck  an  ei^ankment  about  200  feet 
(60m)  short  of  the  runway  and  sheared  its  right  main 
landing  gear.  The  aircraft  then  became  airborne  for 
about  1,200  feet  (365m)  , landed  on  the  runway,  slid 
down  the  runway,  and  veered  off  to  the  right.  The 
aircraft  caught  fire  and  sustained  substantial  damage. 
Two  approach  light  piers  were  destroyed,  and  two  others 
were  heavily  damaged. 

A-8  Date  of  Accident : June  24,  1975 

Resxime : The  aircraft  encountered  adverse  winds  which 
resulted  in  a high  descent  rate  into  the  nonfrangible 
approach  light  towers.  The  aircraft's  left  wing  first 
impacted  the  No.  7 ALS  stanchion  located  2,400  feet 
(731m)  from  the  runway  threshold  at  an  elevation  of 
27  feet  (8.2m)  above  the  mean  water  level.  Progressing 
in  flight  towards  the  runway,  the  aircraft  struck 
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’ towers  8 and  9,  and  the  aircraft's  left  wing  was 

] damaged  severely  by  impact  with  these  towers.  The 

' aircraft  then  rolled  into  a steep  left  bank,  impacted 

j the  ground,  and  skidded  through  a number  of  approach 

• light  towers  whichtogether  with  large  boulders  along 

the  latter  portion  of  the  path  caused  the  fuselage  to 
collapse  and  disintegrate . Fire  erupted  after  the 
■ left  wing  failed  and  released  fuel  which  was  ignited 

I by  numerous  friction  sources.  Destruction  of  the 

fuselage  caused  more  fuel  to  be  released  and  the  fire 
continued  to  burn  after  the  aircraft  came  to  rest. 

1 The  NTSB  has  stated  that  the  adverse  winds  might  have 

' been  too  severe  for  a successful  approach  and  landing, 

j Also,  NTSB  concluded  that  the  nonfrangible  approach 

i light  towers  were  responsible  for  much  of  the  severe 

1 destruction  of  the  aircraft  and  that  the  accident  was 

not  survivable  because  the  fuselage  almost  completely 
disintegrated,  and  the  occupant  restraint  systems 
failed. 

NOTE : The  NTSB  Accident  Investigation  Report  noted 
that  the  need  for  frangible  approach  light 
towers  on  the  approach  paths  to  runways  has 
been  recognized  by  the  FAA  (by  issuance  of 
Order  6850.9).  During  the  public  hearing 
held  on  this  accident,  an  FAA  Airway  Facilities 
Service  representative  testified  that  funding 
for  part  of  the  retrofit  program  was  expected 
in  the  FY  1977  budget.  It  was  also  stated  that 
the  towers  currently  being  installed  were 
designed  to  fracture  at  impact  speeds  of  80 
knots  or  higher  and  that  the  towers  would 
probably  fracture  at  speeds  well  below  80  knots 
depending  on  the  type  of  aircraft  involved . 

A-9  Date  of  Accident : November  16,  1976 

Resume ; The  aircraft  ran  off  the  end  of  a rxmway  during 
an  aborted  takeoff  and  struck  some  nonfrangible  steel 
structures  supporting  the  ALS.  Pieces  of  the  ALS  struc- 
tures severed  the  left  outer  wingtip  which  caused  fuel 
to  leak  and  feed  the  fire  that  erupted  on  the  left  side 
of  the  fuselage . As  a result  of  the  aircraft  Impacting 
the  nonfrangible  ALS  structures,  the  concrete  support 
structures  of  the  ALS  had  been  pulled  out  of  the  ground. 
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In  contrast,  the  first  ALS  structure,  which  had 
frangible  fittings,  broke  off  at  the  base  and  caused 
virtually  no  damage  to  the  aircraft . 

NOTE : Based  on  correspondence  on  file  in  the  NTSB 
accident  files,  the  Denver  Area  Air  Line 
Pilots  Association  Safety  Coordinator  cited 
the  need  for  special  attention  to  be  focused 
on  the  provisions  of  having  frangible  motmted 
supporting  structures.  This  correspondence 
also  indicates  that  FAA  has  promised  that  the 
replacement  of  the  destroyed  ALS  structures  at 
the  airport  will  be  frangible  mounted. 


GENERAL  AVIATION 

G-1  Date  of  Accident;  January  12,  1972 

Resume:  While  making  an  instrviment  approach  at  night 
and  in  fog  conditions,  the  aircraft  struck  a steel  ALS 
tower  800  feet  (24 3m)  from  the  runway  threshold.  The 
left  wing  was  sheared  off.  The  aircraft  continued  for- 
ward approximately  40  feet  (12m)  to  the  ground.  The 
ALS  tower  received  extensive  damage:  the  top  section 
was  demolished  (platform,  transformer  enclosure,  and 
light  fixture) . 

G-2  Date  of  Accident:  September  6,  1972 

Restime : During  a night  VFR  landing,  the  aircraft  struck 
an  ALS  structure  (consisting  of  steel  pipes  4 inches 
(10cm)  to  5 inches (12 .5cm)  in  diameter)  400  feet  (121m) 
short  of  the  runway  threshold. 

G-3  Date  of  Accident;  August  1,  1973 

Resume : Following  a local  acrobatic  demonstration 
flight,  the  aircraft's  engine  failed,  and  the  aircraft 
landed  1,100  feet  (335m)  short  of  the  runway  and  skidded 
130  feet  (39.6m),  breaking  off  two  ALS  posts  with  the 
leading  edge  of  the  left  wing.  The  pilot  reported  he 
touched  down  intentionally  short  of  the  rxinway  to  avoid 
hitting  the  ALS  structures  while  airborne. 
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G-4  Date  of  Accident;  October  19,  1973 

Resume:  During  a night  VFR  approach,  the  pilot  mls- 
took  the  approach  lights  to  be  runway  centerline 
lights  and  stated  that  the  ALS  supporting  towers 
(approximately  25  feet  (7 .6m)  in  height)  were  not 
visible  to  either  himself  or  his  passenger.  At  the 
time  of  the  accident,  the  rijnway  lights  were  not  lit. 

G-5  Date  of  Accident;  October  22,  1973 

Resume:  During  a landing  approach,  the  pilot  became 
confused  and  struck  the  two  ALS  supporting  structures 
nearest  to  the  approach  end  of  the  rxinway.  A go  aroxmd 
was  then  initiated  and  a landing  was  made  on  another 
runway. 

G-6  Date  of  Accident;  August  19,  1974 

Resume:  During  a night  approach,  thr  pilot  descended 
Into  a shallow  fog  and  struck  the  second  ALS  "T"  bar 
located  400  feet  (121m)  from  the  threshold.  The  left 
main  gear  struck  the  "T"  bar  located  200  feet  (60nt) 
from  the  end  of  the  runway  and  broke  off  the  left  side 
of  the  approach  li^ts.  The  aircraft  touched  down  on 
the  left  main  landing  gear  and  the  nose  gear,  then 
veered  off  the  runway,  and  came  into  contact  with  a 
ditch  on  the  side  of  the  rxmway. 

G-7  Date  of  Accident;  June  29,  1975 

Resume;  A student  pilot  making  touch  and  go  la  <.dings 
undershot  the  runway  and  struck  the  1,000 -foot  (300m) 
ALS  tower.  The  wreckage  of  the  aircraft  remained 
entangled  in  the  tower  which  was  substantially  damaged. 

G-8  Date  of  Accident;  September  3,  1975 

Resume;  On  a touch  and  go  approach,  a student  pilot 
came  in  too  low  and  struck  the  fourth  bar  of  the  ALS. 
The  left  wing  and  left  landing  gear  were  sheared  off 
by  the  impact  and  remained  with  the  light  bar.  The 
aircraft  projected  forward  and  struck  the  third  light 
bar,  veered  off  to  the  left.  Inverted,  and  skidded  to 
a stop  approximately  200  feet  (60m)  from  the  first 
impact. 
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G-9  Date  of  Accident;  September  6,  1975 

tosume  The  aircraft  struck  ALS  towers  at  stations *27, 
2b,  and  25 . The  aircraft  continued  for  an  approximate 
distance  of  330  feet  (100m)  after  the  Impact  before 
coming  to  rest  In  an  Inverted  position.  The  cabin,  aft 
fuselage , and  tall  section  of  the  aircraft  were 
destroyed  by  fire  which  followed  Impact.  All  three 
occupants  were  killed. 


NOTE: 

Information  pertaining  to  the  height  and  damage 
of  the  ALS  towers  Is  as  follows: 

Station 

Height 

(above  ground  level) 

Damage 

27 

50  feet 

(15.2in) 

Lights  knocked  out  of  position. 
Railings  and  flasher  lights 
destroyed . 

26 

47  feet 

(14.3in) 

Lights  tom  out  from  mountings. 
Cable  to  transformer  box  pulled 
out. 

25 

45  feet 

(13.7m) 

One  light  knocked  out  of  posi- 
tion. Flasher  and  front  rail- 
ing damaged. 

Date  of 

Accident : 

June  14, 

1976 

Restane;  The  aircraft  reportedly  Incurred  a multiple 
bird  strike  Immediately  after  rotation  during  takeoff 
and  the  pilot  elected  to  land  In  an  open  field  to  the 
right  of  the  runway.  The  aircraft's  right  wing  tip 
contacted  the  18-foot  (5.4m)  high  ALS  bar  located 
1,000  feet  (300m)  from  the  runway,  and  the  aircraft 
then  Impacted  Into  the  field. 
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